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Retinas from a strain of rabbits with low dark-adapted electroretinographic (ERG) b-wave amplitudes, and declining ERG
responses with time, were examined by light and electron microscopy. Seven rabbits from the aﬀected strain (13 months to 5 years
old) and six control animals (6–26 months old) were included in the study. Small inclusions with an electron dense border, about
0.2–1.5 lm in diameter, were signiﬁcantly (p < 0:01) more numerous within the retinal pigment epithelial (RPE) cells in the aﬀected
rabbits than in the control animals. No morphological evidence of retinal degeneration was found. Further studies are needed to
establish the functional defect in this strain of rabbits.
 2003 Elsevier Ltd. All rights reserved.
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Animals with naturally occurring defects in the reti-
nal function may provide useful models for human ret-
inal diseases (Kohler, Guenther, & Zrenner, 1997;
Nilsson, Wrigstad, & Narfstr€om, 1992; Voaden, 1991;
Wrigstad, Narfstr€om, & Nilsson, 1994; Wrigstad, Nils-
son, & Narfstr€om, 1992). Fundus abnormalities and
electroretinographic (ERG) changes were found in a
strain of pigmented rabbits (Lichtenberger, Karbaum,
Flade, & Hanitzsch, 2000). In some animals, areas with
red coloration were seen in the otherwise pigmented
fundi. Repeated ERG recordings in eight rabbits with
low dark-adapted b-wave amplitudes showed a decline
of the amplitudes with time. The ERG was recorded
from conscious animals. However, the light-adapted b-
wave amplitudes were normal, indicating a defect in the
rod function. In the present study, retinas from the af-
fected strain of rabbits and from control animals were
studied by light and electron microscopy.* Corresponding author. Fax: +46-13-223065.
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Seven aﬀected rabbits were examined at ages varying
from about 13 months to 5 years (Table 1). Six animals
from diﬀerent breeders (6–26 months old) were used as
controls. The rabbits were sacriﬁced and the eyes were
enucleated. The anterior segment was removed and the
posterior eyecup was immediately immersed in a solu-
tion of +4 C 2% glutaraldehyde in 0.1 M cacodylate
buﬀer (pH 7.2). After 1–3 weeks, specimens about 3 · 5
mm in size were cut from ﬁve locations: (1) above the
optic disc, (2) the upper midperiphery, (3) the upper
periphery, (4) the lower midperiphery and (5) the lower
perphery. During preparation of the ﬁxed material, it
was not possible to recognize the areas with red color-
ation seen when the enucleated eyes were opened. The
sections were postﬁxated in 1% osmium tetroxide, de-
hydrated in a graded series of ethanol and embedded in
epoxy resin (Epon 812). Ultrathin sections were stained
with uranyl acetate and lead citrate and examined in a
Jeol 100 SX electron microscope. For light microscopy,
1 lm sections were stained with toluidine blue. For
quantitative analysis of inclusions in the retinal pigment
epithelium (RPE), serial photos were taken in the elec-
tron microscope of the sections from the area above the
optic disc. The length of the sections was measured on
Fig. 2. Control rabbit no. C5, 1 year and 9 months old. Small inclu-
sions with an electron-dense border are less numerous than in the af-
fected rabbits, only two are seen in the ﬁgure (arrows). Melanin
granules (M) are evenly distributed in the RPE cells. L: large inclusion;
POS: photoreceptor outer segment; Bar: 3 lm.
Table 1
Aﬀected animals Control animals
No. 68, 1 year, 1 month C1, 6 months
No. 47, 1 year, 2 months C2, 7 months
No. 35, 2 years, 7 months C3, 7 months
No. 28, 2 years, 11 months C4, 8 months
No. 8, 3 years, 3 months C5, 1 year, 9 months
No. 72, 3 years, 9 months C6, 2 years, 2 months
No. 27, 5 years
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was calculated. Photoreceptor nuclei were counted on
light micrographs in areas with a length of 200 lm. For
statistical evaluation Student’s two-tailed t-test was
used.3. Results
Small inclusions, about 0.2–1.5 lm in diameter, with
an electron dense border were found in the RPE cells
from aﬀected as well as control animals (Figs. 1 and 2).
These inclusions were more numerous (p < 0:01) in the
aﬀected rabbits than in the controls (Fig. 3). Large in-
clusions with a maximum diameter of about 2–10 lm
were seen within the RPE cells of all animals (Figs. 1
and 2). The content of the large inclusions varied
greatly, from completely ﬁlled with amorphous material
to apparently ‘‘empty’’ inclusions. Comparison of af-Fig. 1. Aﬀected rabbit no. 47, 14 months old. Small inclusions with an
electron-dense border occur numerously in the RPE cells, three of eight
in the ﬁgure are labelled by an arrow. Clusters of melanin granules (M)
are seen in the RPE cells. The photoreceptor outer segments (POS)
appear normal. L: large inclusion; N: nucleus; Bar: 3 lm.
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Fig. 3. The dark columns show the average numbers of small inclusions/20
represent the control animals. The diﬀerence between the aﬀected and the cofected with control animals revealed no diﬀerences in
numbers and content of these inclusions. The number of
melanin granules in the RPE cells was also similar in the
aﬀected and in the control rabbits. In the aﬀected ani-
mals, however, these granules seemed to be more irreg-
ularly distributed than in the control animals (Figs. 1
and 2). The distribution of the cell organelles and the
basal infoldings were not diﬀerent in the aﬀected com-
pared to the normal animals. The photoreceptor outer
segments (POS) showed regularly arranged disks and
statistical comparison showed no diﬀerences in the
number of photoreceptor nuclei between the aﬀected
and control rabbits (Fig. 4). No certain abnormalities
were found in the inner retina. The length of the ultra-
thin sections used for calculations ranged from 341 to
935 lm.4. Discussion
Animal models for hereditary degenerative retinal
disease are reported mainly in strains of mice, rats, cats
and dogs (Kohler et al., 1997; Nilsson et al., 1992;
Voaden, 1991; Wrigstad et al., 1992, 1994). A retinal
disorder in a strain of rabbits, with light microscopic and
electroretinographic ﬁndings fairly similar to those in
our animals, has been described earlier (Reichenbach &
Baar, 1985). A discoloration of the pigment epithelium
was seen ophthalmoscopically in these animals. The
scotopic ERG b-wave amplitudes were reduced and theo.
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ntrol rabbits was signiﬁcant (p < 0:01).
Fig. 4. The upper row of light micrographs shows sections from the aﬀected rabbit no. 68, 13 months old. The sections in the lower row are from
control rabbit no. C4, eight months old: (1) area above the optic disc, (2) the upper midperiphery, (3) the upper periphery, (4) the lower midperiphery,
(5) the lower perphery. Bar: 50 lm.
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mal in slight cases. In severe cases, the ERG was totally
extinguished. The ERGs were recorded in ketamine an-
aesthesia; ketamine reduces the b-wave signiﬁcantly
(Lichtenberger et al., 2000; Wurziger, Lichtenberger, &
Hanitzsch, 2001). Morphological examination by light
microscopy showed shortened photoreceptor outer seg-
ments and loss of pigment granulae in the pigment epi-
thelium. The horizontal cells and the M€uller cells were
normal. It was concluded that this strain of rabbits,
which came from the same animal house as our strain,
could constitute a possible animal model for retinitis
pigmentosa.
Previous ERG recordings from our strain of rabbits
showed small dark adapted b-waves (6 250 lV) in eightrabbits and a decline of these amplitudes with time
(Lichtenberger et al., 2000). Normal light adapted
b-waves indicated a defect in the rod pathway. The de-
clining rod ERG responses with increasing age gave
suspicion of a progressive degenerative retinal disease in
these rabbits. Five diﬀerent retinal locations were ex-
amined in order to evaluate possible regional diﬀerences
in disease progression. The morphological appearance
of the photoreceptors and the number of photoreceptor
nuclei in our strain of rabbits were normal in all areas
examined. In some animals areas of red coloration were
seen in the fundus. A somewhat irregular distribution of
the pigment granules in the aﬀected animals could ex-
plain a reddish coloration of parts of the fundus where
choroidal vessels may be seen.
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are reported in normal rabbit RPE cells (Sj€ostrand &
Nilsson, 1964). The rabbits examined in this study
showed large inclusions in the RPE cells with a content
varying from ‘‘empty’’ to completely ﬁlled with amor-
phous material. No diﬀerences concerning these inclu-
sions were found between aﬀected and control animals.
Large ‘‘empty’’ RPE inclusions with a similar appear-
ance, and a barely or non-recordable rod ERG, were
found in a strain of Briard dogs with congenital visual
impairment (Nilsson et al., 1992; Wrigstad et al., 1992,
1994). The large inclusions were not present in the
normal dogs. In early stages of the disease, the aﬀected
dogs showed ERG changes and morphological altera-
tions in the RPE without evidence of photoreceptor
degeneration. Later on however, they developed a
slowly progressive rod-cone degeneration. Signs of
photoreceptor degeneration were not seen in our rab-
bits.
Small inclusion bodies, with an electron-dense bor-
der, were signiﬁcantly more numerous in the RPE cells
from aﬀected than from control rabbits. Their origin
and the role of these inclusions in the RPE cell func-
tion is unknown. To avoid dietary inﬂuence on the
retinal defect, the aﬀected and four of the control an-
imals were fed a similar dry pellet and fresh vegetarian
diet (Lichtenberger et al., 2000). For two of the con-
trol rabbits (C3, C4), the diet prior to sacriﬁce was
unknown. Although the rod ERG responses declined
with increasing age, no morphological evidence of a
degenerative retinal disorder was found. It appears
likely that the disorder in these animals is located in
the RPE, possibly involving the retinoid metabolism,
and with no or limited inﬂuence on photoreceptor
structure but on retinal function. Further studies are
needed to establish the functional defects in this strain
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